The tem perature dependence o f salts M (I)H (C l3C CO O )2 and molecular compounds of trichloroacetic acid with amines and benzaldehydes, TCA • X, was studied,
Introduction
It is well-known, that trichloroacetic acid (TCA), CI3CCOOH, forms molecular compounds (TCA)"Xm, where X is a hydrogen bond accepting molecule. 3 5 C1 NQR is a sensitive method to study such systems besides the fact that the chlorine atoms in (TCA)"X", are quite remote from the hydrogen bond forming position as shown by Biedenkapp and Weiss [1] . The formation of the m olecular complex -in most cases a 1:1 complex TCA • X -may be due to very weak hydrogen bonds CI3CCOOH ••• X in a case like TCA • acetophenone on the one hand. On the other hand very strong interactions may lead to proton transfer and thereby to form ation of salt (TCA)e X® as in the system TCA • triethylam ine (Poleshchuk et al. [2] ).
As expected for the monobasic acid TCA, in most cases a 1:1 complex is formed. However, other stoichometries can be found for instance in salts M (1)H(Cl3CCO O ) 2 or with twobasic molecules such as 1,4-dioxane or 2,6-dimethyl-y-pyrone [1] .
Another interesting observation is, that in solids TCA • X very often three 3 5 C1 N Q R lines are observed at T= 77 K, which shows that the three Cl-atoms of the group -C C 13 are crystallographically inequivalent.
Furtherm ore, due to rotational motions of the group -C C I3 the 3 5 C1 N Q R signals bleach out at tem peratures far below the melting point ( Th = bleaching out tem perature). Such a tem perature Tb is found for many organic compounds incorporating a group -CCI3 [3] , and Hashimoto [4] has discussed the observation of bleaching out in detail by classifying the com pounds with -C C 13 groups into an R-type (reorientation restricted) and an F-type (free reorientation). The disappearance of the 3 5 C1 N Q R signals of the -C C 1 3 group, due to reorientational motions, is clearly seen in l-Cl-4 -CCl3 (C6 H4) (m.p. = 297 K). For this compound the 3 5 C1 N QR signals of the -C C 1 3 group disappear at T % 250 K, whereas the ring bonded chlorines give an NQR signal up to the melting point [5] . Such a behaviour is also observed for a num ber of ring chlorinated trichloroacetanilides [6 ] .
Pietrzak et al. [7] have rationalized a num ber of 35C1 N Q R spectra of TCA • X by considering the deviation of the mean 3 5 C1 N Q R frequencies of the -C C I3 group from the mean frequency found for TCA itself (35C I)t c a ) .
(1 )
The first term in (1) is the mean 3 5 C1 N Q R resonance frequency of the -C C 1 3 group in the compound TCA • X, and the second term belongs to pure trichloroacetic acid. The reference tem perature is 77 K and appropriate weighting has to be done if some of the 35C1 N Q R lines of TCA • X coincide.
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It was shown that a plot of A ( v ( 3 5 C l)) against the difference of the pka value of X and TCA, Apka = (pka) Base ~ (pk3)tCA (2) rationalizes the experimental data very well and the function
is a smooth sigmoidal curve.
In the following we report about a series of 3 5 C1 N Q R measurements on compounds TCA • X; some of them have been done some time ago [8 ] . F urther more, it will be shown that by determ ination of Tb from a measurement of the line width zlv(35Cl) as a function of tem perature a qualitative relation between A (v) and Tb is found for certain groups of compounds TC A -X . From the half widths Av = f(T) a rough estimate of the activation energy for the hindered rotation of the group -CC13 is possible.
Experimental
The compounds were prepared from purified TCA (purification by dissolving the hygroscopic TCA in CC14, filtration, drying with N a2S 0 4 for more than 5 h, filtration, and destination of the solvent) and the components X (purified by destina tion). Several ways of synthesis were applied: SI (mixing the compounds at 25 °C or higher and cooling the thereby produced melt until crystallisa tion arises; undercooling is quite common); S2 (TCA and X are dissolved separately in CC14 and the solution of TCA is slowly added to the solution of X); S3 (TCA is dissolved in H 20 and either X or a solution of X in H 20 is slowly added); S4 (a solution of TCA and the metal carbonate in H20 is prepared; crystals are obtained by slow evapora tion). In Table 1 the way of synthesis, colour of the compound and crystal habitus are given.
The 3 5 C1 NQR spectra were measured at 77 K by use of a DECCA superregenerative spectrometer. The signal to noise ratio, S/N was in all cases ^ 10 (recorder, time constant 10 s). The measurements of v=f(T) and A v = f(T ) were done with a pulse spectrometer and Fourier transform, pulse length (90°) 6 -1 0 (is, pulse sequence ^ 2 0 ms (dependent from the line width), num ber of pulses ^ 500 (to reach a S/N > 20 in all cases, except measurement near Tb). The tem perature at the sample site was produced by a flow and tem perature regulated gas stream and determined by thermocouples to ± 0 . 6 K. However, for further use they are rationalized 
y. data reported here. There is no doubt that the shape found is due to the charge transfer from TCA to X, which depends on Apk.d [12] and which is reflected on the electron distribution at the sites of the TCA chlorines.
There is an appreciable scattering o f the experi mental values around the curve drawn in To our opinion a), that is the uncertainity in the determ ination of pka (or the incom patibility of pka data measured by different methods) has higest weight in the discussion of errors.
The hydrogen bond for systems with small A (v) such as TCA C H 3 CN, TCA • (C H 3 ) 2 CO, TCA • C 6 H 5CHO etc. may be form ulated as shown in Figure 6 a. Strong hydrogen bonds as formed by TCA itself we find in the middle o f the curve of All intermediate situations should be verified by going along the curve A (v) =f(Apka). With in creasing proton transfer corresponding charge trans fer will raise the electron density at the TCA molecule until the negative ion C l3 CCO O e is reached. The thereby increased negative charge at the Cl-atoms of the -C C 1 3 group increases the ionic character of the bond C -C l and lowers the 35 C1 NQR frequencies. d(zl (v))/d(Apka) at Apka = 0 gives a maximum, which in turn means that small changes in Apka and/or in distance 0 -H --0 or O-H-N create large charge shifts and thereby large changes in A <v>. This was proved by Stankowski [14] through the investigation ofd(zJ (v ))/d p in systems C 6 C150 H • X.
As long as the crystal structures of most of the compounds TCA • X are unknown there is little room for speculation about the onset of hindered rotations of the group -C C 1 3.
However, by plotting A (y) as a function of Tb, two curves have been found, one for X = benzaldehydes and one for the acid salts M (I)H (C l3CCO O )2. There is no doubt that the mean frequency shift is a linear function of Tb (Figure 7 ). It should be mentioned that TCA • (2 ,4 ,6 -(C H 3 )3C 6 H 2 CHO) did not Fit the linear relation A (y) = a + bTh.
We have estimated the activation energy for the -C C 13 group rotation. The values found are com parable with data from literature. Thy are listed in Table 4 . Due to the lack of crystal structure deter-T able4. Activation energies £ a for the -CC13 group rotation of TCA • X and related compounds (a this paper). Such a study may also give some information on the crystal field effects on the shifts of the 3 5 C1 NQR frequencies in compounds TCA • X [16] .
There is an argum ent against the explanation: Bleaching out of 35C1 N Q R in CC13 groups *-* hin dered rotations (reorientations).
From rotational motions of the group around its 3-fold axis one expects a strong averaging of the This is not the case for several com pounds TCA • X discussed here. T\ m easurements of the 3 5 C1 NQR may be helpful to solve the problem.
